Introduction
In the present paper we consider the singular integral equation k(x; y)f(y) dy = g(x) ; ?1 < x < 1 ; (1.1) where m; k and g are given functions, f is an unknown solution, and the rst integral has to be interpreted in the Cauchy principal value sense. Equation (1.1) arises from the two-dimensional oscillating airfoil in a wind tunnel with subsonic ow (see, for example, 4]), has applications in di raction theory and two-dimensional elasticity theory (see, for example, 16 . Using those results, he constructed a Fredholm integral equation of the second kind equivalent to Equation (1.1) . In the present paper we extend Schlei 's results to the cases of spaces L 2 w and of weighted Sobolev-type spaces with weights w(x) = (1 ? x) (1 + x) , where j j = j j = 1=2 (Section 3). These solvability results then give rise to establishing a numerical procedure for which stability and error estimates in a scale of Sobolev-type norms as well as in weighted uniform norms will be proved (Section 4).
Preliminaries
Throughout this paper let be the Lebesgue measure in the open interval = (?1; 1). Those functions on which coincide outside a Lebesgue null set will be identi ed as usual. Hf(x) = Lemma 2.6 The following identities hold.
(i) L(t 0 =%) = ?(ln2)t 0 = ?(2 ?1=2 ln2)u 0 ; L(t 1 =%) = ?t 1 = ?2 ?1 u 1 ; and L(t n =%) = ?t n =n = 2 ?1 (u n?2 ? u n )=n; n = 2; w . In the case when w = %, the integral equation (3.1) has already been solved by M. Schlei 29] . We shall deduce the remaining cases from his result, by using the fact that L % . In particular,
ind (H % + mL % ) = 1 :
The proof of the following lemma is clear and its proof will be omitted. if and only if (3.12) holds. Therefore the second half of statement (i) has been established. The rst half of (i) has already been given in Lemma 3.3.
(ii) By Lemma 3.3, the operator H +mL is injective. To show its surjectivity, let g 2 L 2 .
The left-hand side of (3.15) is an element of L 2 if and only if c equals the constant c g given by (3.14); we have used (3.7). It then follows from (3.4) and (3.16) that H + mL is surjective and that (3.13) holds. ? (x)= (y) + %(y)=%(x) = (y ? x)=(%(x) (y)) ; x; y 2 ; . Finally we shall show that H ; s + mL ; s has the same properties as H + mL for every s > 0, when m is smooth. Our arguments can easily be adapted to the remaining cases: w = %, 1=%, 1= ; so we shall not discuss them here. Let us x a positive number s and let r be the smallest positive integer such that r s. w . Fix a positive integer n. Let w = %, 1=%, or 1= and let h n be one of the corresponding polynomials u n ; t n ; p n or q n , respectively. Let y n;i , i = 1; :::; n, be the zeros of h n , which are known to be distinict and belong to the open interval (?1; 1). De ne the Lagrangian fundamental polynomials l w n;i ; i = 1; 2; :::; n, by l w n;i (y) = h n (y) (y ? y n;i )h 0 n (y n;i ) = In the sequel we make the following assumptions about the smoothness of k. Assume that k( ; y) 2 L 2 w; s uniformly with respect to y 2 (?1; 1), and k(x; ) 2 L 2 1=w; r uniformly with respect to x 2 (?1; 1), with some positive real numbers s and r to be speci ed later; in other words, there are constants C 1 and C 2 (independent of both x and y) such that kk( ; y)k w;s C 1 Step II. We shall show that (4.1) has a unique solution f 2L Remark that (4.3) can be considered as an alternative numerical scheme to the well known collocation method where an approximate solution f n of Equation (4.1) is sought in the form f n = v n =w, where the unknown polynomial v n 2 n is determined by the equation (H w + L w n mL w + L w n K n )f n = L w n g : 
